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Figure 2-1. BMI and subsequent cardiovascular mortality (Twig et al., 2016) 
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Figure 2-3. Measurements of arterial stiffness and distensibility 
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Table 4-1. Participants characteristics 
 Variable   
Age, years 50  ± 10 
Height, cm 170.9 ± 6.3 
Body mass, kg 81.8 ± 9.4 
Body mass index, kg/m2 28.0 ± 2.6 
Total body fat, % 28.2 ± 5.1 
Skeletal muscle mass, kg 32.9 ± 3.7 
Waist circumference, cm 96.1 ± 6.9 
Abdominal visceral fat area, cm2 106.7 ± 33.8 
IMCL, mmol/kg wet weight# 4.2 ± 0.7 
EMCL, mmol/kg wet weight# 8.8 ± 1.0 
Total cholesterol, mg/dL 204 ± 29 
HDL cholesterol, mg/dL 52 ± 9 
LDL cholesterol, mg/dL 126 ± 26 
Triglyceride, mg/dL 147 ± 101 
Fasting Glucose, mg/dL 105 ± 13 
Systolic blood pressure, mm Hg 134 ± 15 
Diastolic blood pressure mm Hg 86 ± 11 
Heart rate, beats/min 63 ± 9 
baPWV, cm/sec 1400 ± 210 
Arterial compliance, mm2/mmHg 0.12 ± 0.04 
β-stiffness index, AU 2.74 ± 0.92 
Medications, n (%) 17 (18) 
  Hypertension, n (%) 11 (12) 
  Diabetes, n (%) 7 (7) 
  Dyslipidemia, n (%) 4 (4) 
Current smoking, n (%) 7 (7) 
Values are means ± SD or frequency counts (%), as appropriate.  
#Data were available in 24 subjects. 
Abbreviations: IMCL, intramyocellular lipid; EMCL, extramyocellular 
lipid; HDL, high-density lipoprotein; LDL, low-density lipoprotein; baPWV, 









Table 4-2. Correlations between arterial stiffness or blood pressure and fat distribution.  
 Arterial compliance β-stiffness index baPWV SBP DBP 
BMI 0.036 0.107 −0.149 −0.066 −0.125 
Total body fat −0.048 0.091 −0.158 −0.151 −0.181 
Abdominal visceral fat area −0.208* 0.279** −0.003 0.079 0.059 
IMCL# 0.198 −0.238 −0.464* −0.398 −0.316 
EMCL# −0.277 0.445* 0.558** 0.452* 0.377 
Partial correlation was adjusted for age. *P < 0.05, **P < 0.01 





Table 4-3. Independent associations between arterial stiffness and lipid distribution 
Predictor 
Arterial compliance β-stiffness index baPWV 
Standardized Beta P-value Standardized Beta P-value Standardized Beta P-value 
Abdominal visceral fat area 0.202 0.048 0.269 0.034 −0.017 0.838 
IMCL# −0.030 0.877 0.121 0.566 −0.080 0.705 
EMCL# −0.029 0.887 0.079 0.723 0.186 0.403 
Adjusted for TC, HDL, TG, SBP, HR and smoking habit.  
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ANGPTL2 Human ANGPTL2 Assay kit Code No. 27745, Immuno-
Biological Laboratories, Tokyo, Japan ELISA Enzyme-linked Ummunosorbent 
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Table 5-1. Participants characteristics 
 Variable   
Age, years 52  ± 11 
Height, cm 170.3 ± 6.6 
Body mass, kg 81.6 ± 10.3 
Body mass index, kg/m2 28.1 ± 2.3 
Total body fat, % 29.2 ± 4.8 
Skeletal muscle mass, kg 32.3 ± 4.1 
Waist circumference, cm 97.9 ± 7.2 
Abdominal visceral fat area, cm2 110.1 ± 39.1 
Total cholesterol, mg/dL 201 ± 31 
HDL cholesterol, mg/dL 52 ± 8 
LDL cholesterol, mg/dL 126 ± 26 
Triglyceride, mg/dL 144 ± 111 
Fasting Glucose, mg/dL 106 ± 14 
ANGPTL2, ng/mL 3.26 ± 1.00 
Systolic blood pressure, mm Hg 128 ± 13 
Diastolic blood pressure mm Hg 81 ± 9 
Heart rate, beats/min 61 ± 8 
baPWV, cm/sec 1365 ± 229 
Arterial compliance, mm2/mmHg 0.12 ± 0.05 
β-stiffness index, AU 2.98 ± 1.09 
Medications, n (%) 17 (35) 
  Hypertension, n (%) 11 (22) 
  Diabetes, n (%) 7 (14) 
  Dyslipidemia, n (%) 4 (8) 
Current smoking, n (%) 7 (14) 
Values are means ± SD or frequency counts (%), as appropriate.  
Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein;  














Figure 5-1. Association between the serum ANGPTL2 concentration and 














Figure 5-2. Association between the serum ANGPTL2 concentration and 
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Figure 6-1 12 baPWV
12 ANGPTL2







ANGPTL2 β = 
-0.41 p < 0.05 β = -0.47 p < 0.05







Table 6-1. Participants characteristics  
  Before After 








Body mass, kg 82.6 ± 12.2 77.0 ± 12.3 *** 
Body mass index, kg/m2 28.6 ± 3.5 26.7 ± 3.7 *** 
Total body fat, % 29.8 ± 5.4 27.0 ± 6.1 *** 
Skeletal muscle mass, kg 32.4 ± 4.8 31.2 ± 4.3 *** 
Waist circumference, cm 99.6 ± 7.9 92.8 ± 7.9 *** 
Abdominal visceral fat area, cm2 126.9 ± 44.7 91.9 ± 40.1 *** 
Total cholesterol, mg/dL 195 ± 29 183 ± 29 * 
HDL cholesterol, mg/dL 50 ± 8 48 ± 8 
LDL cholesterol, mg/dL 124 ± 23 113 ± 21 ** 
Triglycerides, mg/dL 126 ± 47 101 ± 39 *** 
Systolic blood pressure, mm Hg 127 ± 13 123 ± 14 * 
Diastolic blood pressure, mm Hg 80 ± 9 77 ± 10 ** 
Heart rate, beats/min 59 ± 7 56 ± 6 * 
baPWV, cm/sec 1398 ± 269 1368 ± 263 
Total energy intake, kcal/day 2643 ± 897 1562 ± 390 *** 
Carbohydrate intake, g/day 368 ± 92 198 ± 45 *** 
Protein intake, g/day 84 ± 28 61 ± 17 ** 
Fat intake, g/day 75 ± 30 53 ± 19 ** 
Medications, n (%) 10 (45)  ―  
  Hypertension, n (%) 7 (32)  ―  
  Diabetes, n (%) 4 (18)  ―  
  Dyslipidemia, n (%) 2 (9)  ―  
Current smoking, n (%) 5 (23)  ―  
Values are means ± SD. Abbreviations: HDL, high-density lipoprotein; LDL, low-density 




Figure 6-1. Arterial compliance (A) and β-stiffness index (B) before and after 
















Figure 6-2. Serum ANGPTL2 revels before and after the 12-week 












Table 6-2. Correlations between changes in blood pressure or arterial stiffness and changes in adiposity or serum ANGPTL2 levels.  
 Arterial compliance β-stiffness index baPWV SBP DBP 
BMI −0.403 0.158 0.468* 0.457* 0.466* 
Total body fat −0.317 0.151 0.471* 0.375 0.539* 
Abdominal visceral fat area −0.618** 0.363 0.378 0.549* 0.361 






Figure 6-3. Correlations between the changes in ANGPTL2 and arterial compliance (A) 
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ANGPTL2 Human ANGPTL2 Assay kit Code No. 27745, Immuno-
Biological Laboratories, Tokyo, Japan ELISA Enzyme-linked Ummunosorbent 
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Table 6-3. Participants characteristics  
  Before After 








Body mass, kg 79.9 ± 8.3 77.8 ± 8.5 *** 
Body mass index, kg/m2 27.4 ± 2.2 26.7 ± 2.2 *** 
Total body fat, % 27.9 ± 4.2 26.4 ± 3.8 ** 
Skeletal muscle mass, kg 32.3 ± 3.6 32.1 ± 3.6  
Waist circumference, cm 95.7 ± 6.5 92.5 ± 6.4 *** 
Abdominal visceral fat area, cm2 89.3 ± 25.5 79.0 ± 21.1 ** 
Total cholesterol, mg/dL 204 ± 32 204 ± 33  
HDL cholesterol, mg/dL 54 ± 9 55 ± 10 
LDL cholesterol, mg/dL 128 ± 30 130 ± 30  
Triglycerides, mg/dL 133 ± 93 100 ± 40 * 
Systolic blood pressure, mm Hg 126 ± 14 128 ± 17  
Diastolic blood pressure, mm Hg 82 ± 10 80 ± 10  
Heart rate, beats/min 61 ± 6 57 ± 8 ** 
baPWV, cm/sec 1308 ± 190 1319 ± 211 
VO2peak, ml(kg min)-1 25.7 ± 3.6 29.8 ± 4.3 *** 
Step counts, steps/day 8362 ± 4551 10357 ± 3168 ** 
Total energy intake, kcal/day 1939 ± 465 1902 ± 674  
Medications, n (%) 4 (20)  ―  
  Hypertension, n (%) 4 (20)  ―  
  Diabetes, n (%) 2 (10)  ―  
  Dyslipidemia, n (%) 2 (10)  ―  
Current smoking, n (%) 2 (10)  ―  
Values are means ± SD. Abbreviations: HDL, high-density lipoprotein; LDL, low-density 




Figure 6-4. Arterial compliance (A) and β-stiffness index (B) before 














Figure 6-5. Serum ANGPTL2 levels before and after the 12-week 







Table 6-4. Correlations between changes in blood pressure or arterial stiffness and changes in adiposity or serum ANGPTL2 levels.  
 Arterial compliance β-stiffness index baPWV SBP DBP 
BMI −0.647** 0.165 −0.030 0.117 0.217 
Total body fat −0.440 0.294 0.189 0.267 0.311 
Abdominal visceral fat area −0.491** 0.089 −0.015 -0.302 −0.022 













Figure 6-6. Correlation between the changes in serum ANGPTL2 levels and step 
counts following the 12-week dietary modification program. Partial correlation 
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-5.6 kg vs -2.1kg p < 0.01 -
35.0 cm2 vs -10.3 cm2 p < 0.001
ANGPTL2 -0.72 ng/mL vs
-0.29 ng/mL p < 0.05
0.038 mm2/mmHg vs 0.002 mm2/mmHg p < 0.05  β
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